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Laetase i~ synthesized as a high-mannose large precursor (200 kDa) which is subsequently complex-glyeosylated (215 kDa) and split into the 150 
kDa mature tbrm. The regulatory mechanisms responsible for the decline ofactlvity at weaning are not yet known. We have set up in vitro cultures 
of intestinal mueosa from suckling and adult rabbit and fou.'ad that suckling and adult animals ynthesize the same four forms of lactase-phlorizin 
hydrolase (LPH) but with a different distribution, la the proximal adult small intestine there is very little 180 kDa form, which is most probably 
a product of the 215 klDa eomplex-glyeosylated precursor. The 180 kDa form comprises a greater percentage of total LPH in the middle of the 
small intestine in adult and particularly in suckling rabbits, In the latter tissue this form is apparently more ~tabl¢ than in the adult tissne. 
Posttraaseriptional control of lactate synthesis therefore different in the various parts of the adult small intestine, and it is different in the suckling 
as compared to adult tissue, 
Lactase-phlorizin hydrolase biosynthesis; Laetase-phlorizin hydrolase processing; Preweaning (rabbit)', Adult (rabbit) 
1. INTRODUCTION 
In mammals lactase activity is very high at birth and 
declines to low levels after weaning (Ibr a review see [1]). 
In rive and in vitro studies have demonstrated that the 
enzyme is synthesized as a single-claain high molecular 
weight high-mannose precursor (approximately 200 
kDa), which is transformed into a complex-glycosylated 
form and then split into the 150-160 kDa mature form 
[2-5]. The primary structure of the lactase precursor 
and of the mature laetase was deduced by rabbit and 
human eDNA sequence analysis [6]. The proteolytic 
processing of prolactase to lactase appears to take 
place, at least to a very large extent, intraeellularly [7,8]. 
The complex-glyeosylated precursor is also present in 
the brush border (M. Rossi etal., unpublished results), 
where the conversion into the mature form may also 
occur, due to intraluminal pretenses [9]. An intermedi- 
ate 180 kDa form has been demonstrated in in vitro 
studies in suckling rats [5]. 
Conflicting results on the molecular basis of adult- 
type hypolaetasia in mammals have been reported in in 
rive studies; lactase biosynthesis has been found to be 
decreased [10] or not ,ignificantly changed at weaning 
[11-13]. An enzymatically inactive, immunologically 
cross-reacting 100 kDa polypeptide occurring in the 
brush border membrane of the adult rat ~mall intestine 
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has been indicated as a possible degradation product 
[11], whereas in a different study comparable protein 
patterns were precipitated by antilaetase monoclonal 
antibodies from extracts of small intestine of prewean- 
ing and postw,:aning rats [14]. 
In the present study, we have set up in vitro cultures 
of the suckling and adult rabbit intestine. No attempt 
has been made to qualatitatively compare the biosynthe- 
sis rate in the adult and newborn intestine. On the con- 
trary, we have compared the processing of the lactase 
proteins in suckling and in various parts of the adult 
small intestine. 
2. MATERIALS AND METHODS 
2,1. Animals 
New Zealand white rabbits 15 days or six mouths old were used, 
2.2. At~tllmdies 
Monoclonal antibodies raised against human laetase (mine 5) have 
been previously found to be able to cross-react with rabbit iaetas¢ [15]. 
2.3, Organ cMture 
in the suckling animal mucosai specimens were obtained from the 
middle region of the small intestine; in the adult animal they were 
obtained from the middle region of the small intestine, from the prox- 
imal jejunum,just alter the Treitz ligament, and from the distal ileum, 
3..4 cm before the ileum.coecal valve. 
The explants were placed under the stereomieroscope with the mn- 
cosal surlhce downwards, and the serosal and rnuseularis layers were 
striplmd. Explants (20 rag) were cat and placed on grids. They were 
preincubated for 1 h in Eagle's Minimum Essential Medium (modi- 
fied) with Earle's Salts (EMEM) in the absence of methionine and 
supplemented with 10% dialyzed fetal call" serum. 150 /.tCi/ml 
['~S]methionine was subsequently added for continuous labeling or 
pulse-chase experiments. 
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Fi~. 1. Identification of LPH forms immunoadsorbed by the monoclonal ntibody mlac 5. A. Fluorogram from a eontinuom labeling eXl:mrknent 
of preweaning small intestine. B. Coomassie brilliant blue staininB of LPH purified from preweaning mueosa. C, Fluorog, ram from continuous 
labelin8 experiments o1" different r~gions of adult s,'nall intestine. 
2.4. hnmwloadsorpt ion  and  f luorography  
The radiolabt.'led explants were homogenized in 50 mM NuCI, 25 
mM Tris, pH 8.1, containing 100/.tg/ml phenylmethylsulfonylfluoride 
(PMSFL 10/xg/ml l~upeptin, 17,4/zp:,/ml aprotinin, 2/.tg/ml benzamid. 
ine, 50 gg/ml soybean trypsin inhibitor and 380/.tg/ml EGTA as 
protease inhibitors and subzequently solubilized by 0.5% Nonidet.P 
40 and 0,5% deox),eholate. Lactase from fixed quantities of radiola- 
beled proteins (epm), precle.ared with protein A-Sepharose (Pharma. 
eia, Uppsala, Sweden), was quantitatiwly immunoadsorb~'d by addi- 
tion of an ~xcoss of anti-laetam onoelonai antibodies coupled to 
(CNBr)-activated Sepharose for 2 h at 4"C. Two washing steps fol- 
lowed, one with 145 mM NaCI, 0.5% Nonidet P,,40, 0.05% deoxyeho- 
late, 0.01% sodium dodecylsulphate (SDS), 20 mM phosphate pH 7.4, 
and a second one with O,fi M NaCI, I mM EDTA, 0.5% Nonidct F-40, 
125 rnM Tris pH 8.1. Finally the samples were subjected to SDS- 
PAGE [16] and fluorography by treatment of the gel~ with 2,5-diphen- 
yloxazole (PPO) and exposure to prefiashcxl Kodak X-Omat AR films 
at -80°C  [17], Quantification ofbands was carried out by densitomet- 
tic seannin~ using the laser densitometer Ultroscan XL (LKB, 
Bromma, Sweden) .  
2.5. Endo H t reatment  
lmmunoadsorbed lactose was boiled Ibr ~ rain in 0,2q~ dithiothre- 
itol. 0.3% SDS, 0.1 M citrate buffer pH 5.2, and diluted twice with 
citrate buffer. 6.4 mU endogly¢osidase H (Boehringer Mannheim, 
Mannheim, Germany) and 4 ram PMSF were added, and an overnight 
incubation at 37°C was performed, 
2.6. pNGase  F t reatment  
Immunoadsorb~ lactose was boiled for S rain in i.5% dithiothre- 
itol, 0.3% SDS, 0.1 M phosphate pH 8.1 and diluted threefold with 
0.1 M phosphate pH 8.6.5 m/~,'ml a bumin, 1.25% Nonidet P40, 4 mM 
PMSF, and 0.2 U gly¢opeptidase F (pNGas¢ F) (Boehringer 
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Fig. 2. Glycosidase treatment. Lact.'ts¢ detected in prewcaning after 4 
h (lanes 1-3) or 20 h (lanes 4--6) of continuous labeling was digested 
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Fig. 3, Relative labeling distribution into LPH forms in different 
regions of adult small intestine and in preweaning tissue (continuous 
labeling experiments), Results are expressed as mean +_ S,D, (adults 
n = 3; sucklings n = 4). Full bars: 200-215 kDa; dashed bars: 180 kDa; 
dotted bars: 150 kDa, 
Mannheim, Mannheim, Germany) were added. The sample was incu- 
bated overnight at 37°C. 
2.7. Disacchari&~ses arm protein assays 
The enzymatic and protein assays were performed as previously 
described [15]. 
3. RESULTS AND DISCUSSION 
Table 1 summarizes the disaccharidase activities and 
the label incorporation i to total proteins in preweaning 
rabbits and in the proximal, middle and distal regions 
of the small intestine of adult rabbits. The linear in- 
crease of radioactivity into total proteins confirmed the 
applicability of the organ cuhure technique for studies 
of lactase synthesis. The tissue samples after 20 h of 
culture showed the presence of apparently normal villi 
with good preservation of the architeetttre of the surface 
epithelium (data not shown). Only the 200 kDa form of 
lactase was present in preweaning tissue after 1 h of 
labeling (Fig. IA); at 4 h, 215, 180 and 150 kDa bands 
also appeared; at 20 h the 180 and 150 kDa were pre- 
dominant. Only the 150 and 215 kDa bands were de- 
tected in steady-state conditions in preweaning intesti- 
nal mucosa (Fig. 1B), thus suggesting that the 200 and 
180 kDa are transient forms. The 200 kDa was trans- 
formed by endo H treatment into a 180 kDa form while 
the mass of the other forms was only slightly modified 
(Fig. 2: lanes 2 and 5). The pNGase F treatment (lanes 
3 and 6) transformed the 215 and 200 kDa into a 180 
kDa form, the 180 kDa in a 160 kDa form, and the 150 
kDa mature lactase into a 135 kDa product. These re- 
suits suggest hat the 180 kDa form is a proteolytic 
product of the 215 kDa form. 
The continuous labeling experiments performed in 
different regions of adult small intestine (Fig. 1C), 
showed that the label incorporation i lactase proteins 
is higher in middle than in proximal jejunum and it is 
very low in distal ileum. The processing of lactase pro- 
teins was different in the various parts of the adult 
intestine and in the adult intestine as compared to the 
suckling tissue. In the adult intestine the 215 kDa form 
was present after 4 h and disappeared after 20 h of 
labeling whereas it was clearly detectable in the suckling 
tissue alter 20 h (Fig. 1A). The mature 150 kDa species 
(Fig. 3) was present in about the same percentage both 
in the preweaning and in adult proximal and middle 
intestine at 20 h. Interestingly the 180 kDa form ac- 
Table I 
Disaecharidases activities and label incorporation i preweaning and adult rabbit small intestine 
Region Specific activities 
(U/g protein: mean -± S.D.) 
Label incorporatio;~ 
(¢pm/mg protein × IO-C': mean + S.D.) 
Laetase Sucrase Maltase 1 h 4 It 20 h 
P,'awzauia~ (. = 6) 
Adult (n -- 4) proximal 
middle 
distal 
55.8 + 23.7 7,3 + 3,8 31,5 ± 9.6 1.9 + 1.4 10.6 + I0,5 30,0 + 18,9 
6.0 + 2,4 87,7 __ 38.5 290.0 + 79.6 2.8 + 2.5 14,7 + 8,3 69.1 + 39,5 
6.4____.3,9 101.32.35,4 302.0:!: 120.6 2.9____. 1.6 11,9--.8,0 46.1 :l: 18,9 
5.0 + 3.5 75.5 + 47,9 264,2 __. 136.9 5.6 + 1.9 15,8 + 6,2 40.9 +- 9.5 
262 
Volume 313, number 3 FEBS LETTERS November 1992 
kD 
, . .  , . . . . .  " , . . , . .  . ~. . ' " . . . . ' : "  " :  " . . .  : i . . . . .  " " :  
i li!ii:/:i:i: !:?:'::/i; 
. . . . . . . . .  . . . .  " . . . .  
~" ...... :'~i~ ........... ii'" ~ i , ~ 
!~ ~; ..  ":~., ~ ~: : ,  ......- • 
,.',~:;c :~'.:,:.': ~ i i ! ' ; .  . . . . . .  .'- ~!:~ • '. ' • '.,:~,:~,~..:; . " , . ' "~ . . '~-~: ' . . . .  : " . . .  : ~..:~...,:;L, .,..= ...:...'.~-: " .. 
:...:-'~".'-!j,:,:~",. :.t:'.:!~/7-~:-~i~:.':-..';.~(:".::..%. - " .: i ".. '?:: ' . .=' : - " : . , . i ! . . . : .~; '  ~.-.." . " 
.:...~:.,,~...~::~...... ,~.....~:.:.,:~,.~.....:......:, . .  ,,.....: . . . . . . . .  . : - .  . " 1 ~0 
i " : . : ' . ' - :" . ' ! - . .  ' - .  ",'"::..-::" " . ! . . : " " : . ,  . ' : .  . .  ' . .  , . ' : '- ' . ' i . ; ' .  . - : , " : - : : . . "  ..' ' - '~q' :~.  
:!:,i:i:':!(::/i::~:i' ~i :: : . . . .  ~ ~ ..... • : .  . 
0 0.5 1 2 4 7 20 
A Prow~llnlng 
\ / 
o 5 40 15 3O 
houro of ~ 'hxe  
26 
hours of chase 
Fig. 4. Fluorogram froln a pulse.chase experiment of preweaning 
tissue, 
counted for a larger percent in preweaning both at 4 h 
(27%) and at 20 h (31.7%), while it was only 2.3% and 
1.6% in proximal and 19.3% and 10% in middle jejunum 
at 4 h and 20 h respectively (Fig. 3). These results sttg- 
gest that in preweaning tissue the processing is shifted 
toward the 180 kDa form more than in adult tissue or 
that this form is more stable in preweaning tissue. Fi- 
nally in distal ileum a very slow processing was found, 
as the 200 kDa was predominant at all the examined 
labeling times. 
The pulse-chase experiments confirmed that the 200 
kDa high-mannose precursor is first complex-glycosyl. 
ated (215 kDa) at 1 h of chase and then split into the 
180 kDa and 150 kDa bands at 2 h (Fig. 4). Both 
cleavage products appeared at 2 h of chase and similar 
results were obtained at 90 rain (data not shown). On 
the basis of this experiment it is therefore impossible to 
know whether or not the 180 kDa product is an interme- 
diate fondu on the way to the mature iactase. The same 
lactase protein forms have been found in similar pulse- 
chase experiments of proximal and middle parts of the 
adult small intestine; in distal ileum due to the very low 
label incorporation, pulse-chase studies were not per- 
fo rmed.  
The relative distribution of LPH tbrms as a function 
of time in pulse-chase experiments is reported in Fig. 5. 
In preweaning tissue the 180 kDa form represents an 
intermediate product hat reached 32% of total label at 
7 h and then slowly decreased to 20% ofthe total labeled 
forms after 20 h (Fi~. 5A). The 180 kDa form is tran- 
sient also in adult tissue, with a more rapid decline~ as 
after 20 h of chase it is no longer evident. The 180 kDa 
form is therefore apparently more stable in preweaning 
tissue as compared to adult tissue. As the percentage of
the mature form at 20 h in preweaning is comparable 
to that of adult tissue, we suppose that the 215 kDa 
B Adult: proxlmol  le~num 
100 
20 
O 5 10 16 20 
houro of  ch in  
i 
SO 
C /~lult: mk;Klie Jejunum 
o ~ to 15 2Q 
I~ura of  
l l 6  
Fig. 5. Relative label distribution into LPH forms observed in pulse- 
cha~e g~p~riments performed inpr~weaning (A) and in adult proximal 
(B) and middle jejunum (B). The same results were obtained in other 
four suckling and two adult animals. (~) 200-215 kDa; (t,) 180 kDa: 
(o) 150 kDa. 
form may be split either to the 180 kDa form and then 
into the mature form or directly into the 150 kDa form. 
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In conclusion, we have observed the same LPH forms 
in preweaning and adult rabbit. We have demonstrated 
the presence era 180 kDa form in these tissues, which 
is probably a cleavage product of the 215 kDa form. In 
the adult distal ileum there is a reduced production of 
mature lactase with accumulation of the high-mannose 
precursor form. !n the proximal adult small intestine 
there is very little 180 kDa form, which is more exten- 
sively produced in the middle small intestine and panic- 
ularly in the suckling intestine; in this latter tissue this 
form is apparently more stable than in the adult tissue. 
Post-transcriptional control of  lactase synthesis is there- 
fore different in various parts of the adult small intestine 
and it is different in the suckling as compared to adult 
tissues. At the moment it is unknown if these differences 
are related to the decline of lactase activity occurring in 
mammals at weaning. 
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